Introduction
Increasing interest has been devoted to multicomponent reactions as reliable synthetic methods. [1] [2] [3] [4] [5] [6] Such interest has been stimulated by their promising applications in combinatorial and medicinal chemistry. A multicomponent reaction involves three or more reagents reacting in a single step to form a new product which contains the essential parts of all the starting materials. This reaction tool allows compounds to be synthesized in a one-pot operation and with a simple purification process as all the reactants are incorporated into the final product.
The Biginelli reaction [7] [8] [9] [10] [11] [12] is an easy and useful three-component synthesis which involves the condensation of an aldehyde, urea, and a β-ketoester, under acid catalysis, to give 3,4-dihydropyrimidinone derivatives (Scheme 1). These Biginelli adducts are associated with a wide range of biological properties including antimicrobial, 13 With this in mind, and in continuation of our research on the preparation of new phosphorylated heterocycles with possible biological properties, [18] [19] [20] we have investigated the behaviour of β-ketophosphonates in the Biginelli reaction, which could represent an easy and direct access to novel types of 3,4-dihydropyrimidinone derivatives bearing a phosphonate group. The phosphorus substituent might regulate important biological functions and could improve the biological activity of such compounds, in a similar way to that reported for other pharmaceuticals. [21] [22] [23] [24] [25] To the best of our knowledge, there is only one report 26 on the use of β ketophosphonates as substrates in the Biginelli reaction which employed ytterbium triflate as catalyst in refluxing toluene. However, the desired phosphonatodihydropyrimidinones were obtained in low to moderate yields (15-58%).
We thus wish to disclose the development of a new protocol for the synthesis of 5-phosphonato-3,4-dihydropyrimidin-2-ones giving high yields and avoiding hazardous metalbased catalysts.
Results and Discussion
To optimize the reaction conditions for the formation of the target compounds, we used β-ketophosphonate 1a, benzaldehyde and urea as model substrates. The reaction was initially studied with various acid catalysts. The results of these comparative experiments are summarized in Table 1 . It was found that performing the model reaction using inorganic acids such as HCl and H 2 SO 4 , or Lewis acids such as SnCl 2 , FeCl 3 and VCl 3 , did not succeed; lower than 10% yield was obtained after refluxing the mixture in MeCN for long periods of time (Table 1 , entries 1-5). Also tested was the use of heterogeneous catalysts such as silica gel supported sulfuric acid and sodium hydrogen sulfate, but this left the starting materials intact (Table 1 , entries 6 and 7). An improvement in the yield was observed when using 20 mol% of organic acid catalysts such as AcOH and TsOH, with TsOH giving the best results (Table 1 , entries 8 and 9). Under the same reaction conditions, it was gratifying to observe that 90% yield of the desired product 3a was obtained when the amount of TsOH was increased to 50 mol% (Table 1 , entry 10). The promising results obtained with TsOH (50 mol%) as the catalyst prompted us to further investigate the effect of solvents on the reaction yield. As shown in Table 2 , it was apparent that the reaction proceeded better in aprotic solvents compared to protic solvents. The best results were recorded with MeCN which gave a 90 % yield of 3a ( Table 2 , entry 1). With optimized reaction conditions in hand, we next studied the scope of this methodology. A variety of structurally diverse aldehydes and β-ketophosphonates were investigated and a series of 5-phosphonato-3,4-dihydropyrimidin-2-ones of type 3 were afforded in good yields (Table 3 ). The reactions proceeded efficiently with aromatic aldehydes bearing electronwithdrawing or electron-donating groups. However, aliphatic aldehydes were unreactive.
Although no intermediates were isolated or identified, we assume that formation of the phosphonatodihydropyrimidinones 3 followed the commonly accepted mechanism of the Biginelli condensation. [7] [8] [9] [10] [11] [12] Thus the reaction is thought to proceed via nucleophilic attack of urea on the aldehyde giving rise to an iminium intermediate. The interception of this last one by the β-ketophosphonate through its enol tautomer leads, after intramolecular cyclization and dehydration, to the dihydropyrimidinone 3 (Scheme 2). 
Conclusions
In summary, we have successfully developed an efficient and straightforward multicomponent synthesis of 5-phosphonato-3,4-dihydropyrimidin-2-ones, via the p-toluenesulfonic acid promoted Biginelli-type reaction of β-ketophosphonates, aldehydes and urea. By comparison with the existing strategy, 26 our method offers significant advantages such as efficiency, high yields and mild reaction conditions. Furthermore it is a greener protocol avoiding hazardous metal-based catalysts. This is very beneficial for safely obtaining dihydropyrimidinone derivatives of pharmacological interest.
Experimental Section
General. 1 The coupling constants are reported in Hz. For the 1 H NMR, the multiplicities of signals are indicated by the following abbreviations: s: singlet, d: doublet, t: triplet, q: quartet, quint: quintet, m: multiplet. Mass spectra were determined on an Agilent 5975B spectrometer, under electronic impact (EI) conditions. IR spectra were recorded on a Nicolet IR200 spectrometer. The progress of the reactions was monitored by TLC. Purification of products was performed by column chromatography using silica gel 60 (Fluka).
Synthesis of β β β β-ketophosphonates 1 The starting β-ketophosphonates 1 were prepared according to reported procedures. [28] [29] General procedure for the synthesis of 5-phosphono-3,4-dihydropyrimidin-2-ones 3. A mixture of β-ketophosphonate 1 (10 mmol), aldehyde (10 mmol), urea (15 mmol) and TsOH (5 mmol) in dry MeCN (10 mL) was heated under reflux with stirring for 24 h (reactions were monitored by TLC). After cooling, the solvent was removed under reduced pressure and then CHCl 3 (100 mL) was added. The organic phase was extracted with H 2 O (2 × 50 mL), dried over Na 2 SO 4 and concentrated under vacuum. The obtained residue was chromatographed on a silica gel column using EtOAc as eluent. 5-Diethoxyphosphoryl-6-methyl-4-phenyl-3,4-dihydropyrimidin-2(1H)-one (3a). 
